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DEVICE !M/ I -r i>|f)'i/ V- 



A, 
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;i. . 



The invention relates to a micro-fabricated device for the measurement of ^ y? 
solubility or the rate of dissolution of a sample. Specifically the invention relates \o an 
automated device for the determination of these parameters on large numbers of samples. 

The determination of the solubility of a sample or its rate of dissolution are important 



•4!" 



n various areas of the drug discovery process since many processes of interest to the research 
y cientist are dependant on the solubility pi" ratep|ii ssolution of the sample. Examples where 
^ 1 , his information is of value would include interoreting data of a Slmpfe in\ a& } in \>i$q * 
10 oral absorption test/oimulatibn,rtuciies, and zzz v/va blb&vailabiliw studies: 
c Currently th< pace of ch&ngf in techniques and^ools for disef very of 6i6jb; ically 

active molecults is increasing, with Jie ability of cotaoiriatbriaf chemisti^ 
synthesis (MPS) to rapidly pro vide larLe numbers di diverse samples to enter into tl e drug 
discovery process. In addition the mapping and se^Jericing of t;ie genqjnes of nf^r plants, 

" new 



1 5 animals and parasites, and the humui genome, is already providing a growing number of 
targets which may b^ u^<? *n biolorical tests'. In 1 le future i is to be expected v lat the 
* number, biological target is to grow even fvirther. It is estimated that in the u-st 100 years 
r. : , qf terearch only r 400 huma: drug targets have been disco vei^cL whilst the t ^uijj& . genome 
>w ' 0 p oject will have,sequ§jice| at least 100,000 genes, many of which will code foi important 



l\u 2p^i J iological targets for^ru^t ierapy. 
W^^' • Howbver, s^thetf techniques such as multiple parallel synthesis (MPS) and 

combinatorial ch< mistry provide relatively small sample sizes, for example in the microgram 
range. The lim ted sample sizes currently produced are not large enough to supply more than 
a few tests within the drug discovery process before the supply is exhausted. Therefore, 
25 resynthesis is required in order to restock the chemical library. 

In order to accelerate the rate of discovery of biologically active molecules, there is 
currently considerable interest in the measurement of physicochemical properties very early in 
the discovery process so that these factors may be used to influence future decisions on which 
molecules to synthesis as samples for future testing. However, as described above, samples of 
30 potential interest may only be available in relatively small amounts i.e. <1 mg. There is 

therefore a strong need for methods of measuring solubility and rate of dissolution that can be 
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applied to large numbers of samples without requiring proportion* tely more resources, and 

which are capable of dealing with small sample sizei . Conyentiqi al methods <* ten employ 

complex sepdc \tion steps whic-i are time-conrumirig: Although these can be automated, the 

seriat nature of the analysis, i.e. one sample kt t time, still t effectively limits the>Jiroughput. 

5 Automation niay 1 atrolead to inc-e^ecNompoj^d demands wkich is counter tqi: he thrust of 

mode rn synthetic methods such <lS comlnne.torial ch^ri istry and MPS and relater technologies 

; which, typ ically, do nqf produce lLrge qualities of ma erial. Therefore, for the K rge number 

• V V">«*: Jv i-l'.,^ - *\<;Vp < j ; • \ ' \.- ' 

of samples which c re being prepared for te sting, the traditional methods $C jn$3f iring 

pnysicocnemical properties are now prohibitively expensive and time consuming and can be 



10 performed on no more than a small percentage of the samples being prerayf&d, . 



1 K 



Currently the techniques for the determination of solubility invo£ 'e stirring tn£ 1 : 
sample in an appropriate solvent' till a saturated solution has been achievec removing th 
excess compound, typically by filtration or centrifugation, aria thfen analysing the resulting 
solution using some physical. method, for example HPLC, MS or UV detection, one exariple 

1 5 of which is di^^ UV a ialysis. This method is v tt- dious, labour intepsiyr, requires a samp e 
size of at teas* Img, anr the requirement for a pi ysical separation can rerult in the production 
of erroneous c ata. One disadvantage of this technique is that fine solicL particles may be 
suspended in he saturated solution. To avoid this disadvantage separate n techniques need to 
be thorough, f or instance centrifugation typically is required at least twice for each sample, 

20 which adds further to the expense and time needed to achieve a measurement. To determine 
the rate of dissolution of a sample involves the need to make a number of measurements over 
a period of time. This increases test times, and also proportionately the amount of sample 
required. 

Therefore, there is a need to find simple, sensitive, high throughput approaches to the 
25 measurement of the solubility or rate of dissolution of a sample, especially in the 

pharmaceutical and agrochemical industry. Such a system should use small sample sizes, be 
quick (less than 3 hours) and be amenable to operation by a machine with minimal operator 
input. In particular, miniaturised approaches operating on the picolitre / nanolitre / microlitre 
scale are particularly desirable, because of the large cost savings, potential for high 
30 throughput, and use of small sample sizes. Currently we are aware of no such techniques 
available which fulfil all the above requirements. 
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Micro-fabricated devices have beer used to develop laboratory techniques on the 

I' V' t] 'ui:-i , : • i ;■■ 
micro scale which require minimaf operator Vivolvement using very small amounts of sample. 

the 



^' Kftbro-faorication teblmf<^^j£i-e Uenerally lgiown in the art using tools developed by 
he semiconductor industry to miniaturise electronics, it ig-poss&le^ &D^^^ : '&^^t^^i'<f * ^ 



... £■ systems with channel sizes as small as a micron. These devices can be mass-produced 
' inexpensively ant are expected to soon be in widespread use, for example, in simple 



■■<s." J analytical tests'.' 1 See, e.g., .Ramsey J.M. et al. (1995), "Micro-fabricated chemical 
* • measurement Systems;" Nature N$ dicine 1:1093-1096; and Harrison, D.J. et al (1993), 

"Micro-machining a miniaturized apillary electrophoresis-based chemical analysis system on 
10 a chip," Science 26 1 : 895-897.3 !i ^ j . , , ; V V 

c ^rniaturisation of l^oratOry Vecluiriques^is 1 riot a sinip few, 1 of reducing their size. 




- • 1 or process limitations. For these reasons it is necessary to develop new methods For: 
15 "performing common laboratory tasks on the micro-scale. 

Devices made by micro-machining planar substrates have been made and used for 
chemical separation, analysis, and sensing. See, e.g., Manz, A. et al. (1994), "Electroosmotic 
pumping and electrophoretic separations for miniaturized chemical analysis system," 
J. Micromech. Microeng. 4:257-265. 
20 We have devised a micro-fabricated device which can be used to determine solubility 

and rate of dissolution with minimal operator involvement using very small amounts of 
sample. 

We disclose as the first feature of the invention a micro-fabricated solubility 
measuring system comprising a microfabricated device having a region in the device for 
25 receiving solid sample and a liquid inlet for introducing a predetermined amount of a liquid to 
the region together with a detector which determines directly or indirectly the amount of solid 
sample removed from the region by the liquid. 



In this disclosure, the term "sample" includes any material, single compound or 
30 mixture, which may be put into solid form, whether biological or chemical, preferably the 
sample is an organic synthetic compound, ideally of MW <1000. 



4- 



In this disclosure, the ten., "region" means an area within the micro-fabricated 

device, which is able to accept and etain an amount of solid sample and allow that solid 

•J.j •!'■!■'■'»:,•;»♦• JJt t f t ■ ' . - .. i : - • - « •; i *. 

• ; ' • Sampte ro come into contact with licjt id in the device. The region may be formed as a surface 

• . J . - - / ' • * "} . ■ . •*■•■:' 

'5 on which solid material car be depos ted and adhere as a continuous or discontinuous layer. 
Such a stuff ce may already, be part of -^e surface of the micro-fabricated device or may be 

applied ai a coating. Preferably the suuace incorporates ne or more physical structures, such 

> .• < . •:• :•■ ... 

. as indents, which aid retention of defined quantities of $67 d sample. The volume defined by 

•> '{^ : :^iVt{ H®- i : - •* *!•-» '• V. I ' ' 

the .irdent may be in the rrhge of size,' which may. be crei ed in micro-fabricated devices as 

10 described above, suet as by etching oi. building up struct^ - es or by moulded replication of 

' structures. THe ir dents may b/j sufficiently large to relate. 11 the sample or large enough to 

Wffcin at least part of the samp e the remaining part bein^ i bove the indent. Typical indent 

volt nes include from 1 nl fo; fil. Typical dimensions acr ^ss indents may be in the range of 

. sizes; \ hich may be creatediu micro-fabricated devices, tv :>ical ranges are from 10-1000um 

, 1 5 preferabt' 1 0- 1 OOum. Indents may be in the form of ext nded slots or grooves where the long 

diniensib. 1 may exceed 1 000u.m, If /ill be appreciated t 1 at any number of indents may be 

arranged on the same device, suci as to form a pattern, s ach as a line or grid pattern. An 

indent may be formed by a depression in the surface oft ie micro fabrocate device or within a 

raised structure on the microfabricated device. 

20 The process of deposition of sample into the region may involve compaction such that 

the solid cannot be physically washed away but must be removed by a process of dissolution, 
see Fig 1 . Alternatively the sample may be deposited by other processes of application such 
as a spray or, alternatively, the sample may be deposited from a solution by creating local 
environments in the region, such as a hydrophobic surface, which forces the compound out of 

25 solution, or by evaporation of the liquid and subsequent deposition of the sample. The 

process of deposition may be assisted by use of coatings to the surface of the region to attract 
and bind the sample. The solid sample is transferred to the region so that the amount and 
thickness of sample is controlled and measurable. Control of sample amount and thickness 
may be facilitated by features such as indents in the surface of the sample receiving region or 

30 by other means such as by applying sample to the microfabricated surface through a screen of 
known thickness, by controlling weight or volume of sample, and by deposition to the 
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microfabricated surface of more sample than required and then removing excess by machining 

or etching means, and by combinations of such procedures. Sample deposition methods maf' *jr 1 *i ft , 

include pressing solid sample onto a receiving s^liftf^^^^ : <5»> ' ep>o s i t:I o> n of mixtures or solutions tfv r $ 




me : asuremerif *iu^^^^&e sampi 
M i i \y . i . materials \vhxh may be added may include fibres or ballotini. 



J v The term "det^Qtr^ " includes devices, probes, sensors or such like which are able to 



10 dete^ine the presetic* or absence of solid sample remaining in the region, either with or 
v -ithout the liquid pr 



y/ithout the liquid phi sent, or which are able to measure the amount of solid sample remaining 
*6r Mnoved rrbm tHei' egion. The detector may operate alternatively by measuring sample 
present in the liquid. Examples of such detector methods include interferometry where the 
intensity of interference patterns of reflected light on the surface of the device show the depth 
1 5 of sample in indents, surface acoustic wave sensors, elipsometry , use of radiation sources and 
sensors measuring attenuation though the solid sample layer, image analysis, 
spectrophotometry, chromatography or electrophoresis. The detector of the system may be 
separate to the micro-fabricated aspects of the system ("off-device") or in a preferred option 
may also be an integrated micro-fabricated feature of a micro-fabricated solubility device 
20 ("on-device"). A variety of different detection methods are described below as preferred 
features: 

1 . The thickness of the solid sample is defined by means of a micro-engineered 
feature such as an indent which allows integral calibration for detection methods 
25 applied to a range of solid samples whose physical properties such as refractive index 

and spectral absorbencies are not known a priori. This is particularly valuable for 
elipsometry. 



2. Most solid samples of interest are insulators or at least poor conductors of 
30 electricity. Dissolution of such solid samples from an electrode surface into an 

ionically conducting liquid may be monitored by electrical impedance measurements. 
Indents formed so that the base only of indents is electrically conducting allows those 



conductiv bases to be used as electrodes. Coverage of the conductive indent bases 
may be mo itored using electrical impedance between electrode and solution, with a 
substantial ecrease in impedance signalling the dissolution of material covering the 
elect* ode. 

3. Direct detection or inc asuremen' of the disso ved sample in solution can be 
difficult, ruch as by the use of U\f detection, if the $ mple is only weakly absorbing or 
flubrercent'. An 'alternative indirect technique may b< used which utilises direct 
measuring techniques which employs the use of an indicator material . A thin layer of 
a selected indicator material deposited >n the solid rece ving region is then covered 
with th6 solid's* -nple. Preferably the indicator material s deposited as a thin film over 
the bases of any indent which is jfe i filled withl i solid sample. Release of the indicator 
material into solution is delayed um 1 sample dissolution i near completion, and its 
appearance it solution acts as an ehu point signal. Indicate r materials may be detected 
° n , or off device b y the use of, for exrnple, UV detection f fluorescent compounds. 
Low mobility ai d relatively low rolii ;ility, in the solvent sed, indicator compounds 
are preferred so that the indicator idioes not permeate throw h the sample nor promote 
release of the sample from the surfkif . 

4. As an alternative to producing indent type structures in the solid sample 
receiving region which are filled with sample and then progressively revealed as 
dissolution proceeds an optically monitorable feature may be produced by a series of 
features made from solid sample on a plane surface of the microfabricated device. 
These features may form diffraction structures. Where the diffraction structures are 
formed by indents the process of sample dissolution allows development of the 
diffraction pattern, while for diffraction structures formed from the sample on a plane 
surface the process of dissolution is accompanied by a decrease in the size of the 
features and reduction in the intensity of any diffraction effects. Such raised features 
formed from the solid samples may be formed by deposition through masks or grids 
but do require that the sample adheres well to the substrate surface. The use of 
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indeuted struc.ures provide s more tote ance of variation in phys cal properties and 



disclose ^!s 1 a iiirther frature of tAe irivenfrdna ifte&od ro£4pt^rmining the 




solubility of a sample in a micii-fabric%ed device the method qptriprisinr : 



removed from the region and the amount of liquid used. 



(3) determining the solubility of the sample by reference to l^^i^e^i^iTiep^ of solid sample 





Due to the smaller quantities of liquid and sample which may be used diffusional 



15 distances within the liquid can be dramatically lowered allowing for equilibrium to be reached 
efficiently without the need for convective or advective mixing. However movement of liquid 
may be employed to enhance or control dissolution rates. 

Different samples will reach the point of equilibrium at different rates, this is known 
as the rate of dissolution. The rate of dissolution of a sample may be affected by many 

20 different factors such as the morphology or surface area of the sample, chemical kinetic 
) factors at the solid/ solution interface, permeation of pores within the solid by solvent, and 

transport of dissolved material in the solvent by convective, advective, or diffusive processes. 
Within microstructures it is possible to limit convective or advective and in particular 
turbulent fluid transport so that diffusion may be the dominant mode of transport of dissolved 

25 material. Where diffusive transfer is the limiting factor the dissolution rate is related to the 
length of the path through which the dissolved solute molecules diffuse and the geometry of 
the fluid body. Diffusive transfer rates will generally be inversely related to the square of the 
path length. 



30 few hundred) will be -lO^cmV 1 and have diffusive transfer times across a path length (L) 
which may be derived from expressions of the type Dt/L 2 = 0.01 to 1 second, where Dt/L 2 = 



Typically diffusion coefficients (D) of samples of the size range of interest (MW of a 



-l - 

; 

0.( 1 approximates to a diffusion front reaching . distance L from source plane, and I t/L 2 = 1 
corres onds to near completion of the diffusive rocess (concer. tration gradient acrok L being 
'"nearly- el'minated). Approximrte 'times for reaching diffusive equilibration (Dt/L 2 = F; at 
° • different path lengths (L), in which the solid material. ifust travel, based on D = lOfc nV 
5 are: ... ' ' •' • :- -V< v; ! • •' ' ; ■ i-'" . ' ;: " ." 

:! .-; . " ' • -V ? • •• 

. / ' L = -10 um t= 1 sec 

: 7 L=l'p( um ■, t=100sc 

■41. J> ' : 

L = 1 mrh ' - ' t=2J& he urs 

10 L =1 cm — t= 280 hours 

About 50% of the diffusive transfer will occur in about a tenth of the above times. 
Based upon a static liquid for relative* rapid equilibration by diffusion alone the distance L 
across the liquid from t olid surface she uld not be greater than 1 00 pirn. This has an impact on 
1 * J 5 #e liquid volume which mLy be usee in static liquid device of the invention, i.e. preferably a 
liquic volume up to 1 Or J, preferab* up to 5nl. 

The consequent limitation b liquid volume can however be readily removed if the 
liquic is mixed by convective/advec ive processes within the device and this is a further 
featu e of the invention. Most simpl the fluid is stirred in situ, e.g. by small magnet stirrer, 
20 such as beads, or the fluid may be recirculated over the solid. Alternatively the liquid may be 
removed to a mixer chamber and then reintroduced to the compound. This may avoid problem 
with mechanical abrasion on the solid solute surface generating suspended matter, and may be 
more compatible with in situ observation/monitoring of the dissolving solid surface. 

Typical amounts of sample which may be used in this device range from 1 ng to 
25 1 mg, the minimum figure corresponds to the region being and indent corresponding to a 10 
micron side cube. Typical amounts of liquid used in this device range from 1 nl to 1 ml, the 
minimum liquid volume corresponds to a 100 urn side cube. A chamber within the device for 
presenting liquid to the solid sample need not be in the form cf a cube but for rapid diffusive 
transfer no portion of fluid within the chamber should be maintained at a distance from the 
30 solid sample much greater than lOO^m. It may be useful to present a small solid filled indent 



possible bnlce 
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to a very largfe vbttAtie oMirrerf-licim^ lo d^cifnliiie'A riiaximiirft dissbhitib^p te in the 
absence of any tendency to saturate. 

, It will tfe'a^^i^Wa^tnkb |ifef;ment of the solubility of the sample is only 
^ i . ^ sufficient time 'tp f s elapsed for the rample to, be fully dissolved 0{t ^ui|iWrum 
5 is reached. It will be i ppreciatod that the amourif of liquid uised vsdll limit the maximal : 
* £ measurement c 6f solubility thz t may be determined, for example if 0.0 lmg of solid sample is 

fully dissolved in 0.01? ll of liquid then the maximum determined measurement of solubility 
of the sample is - at k#SF mg/ml- the exact measurement could be close to this figure or 

higher. However, hi certai-; fields it is more useful to determine which samples are poorly 

j>|l^ilj<;!{;)'r *!' m! ;• v "".3[v 

« J 10 soluble in a certain solvent, or that a sample has at least a certain value of solubility in a 
I 

solvent. Therefore, <,?uch lin tations are not necessarily critical and the amount of liquid used 
' " " ' may b<& selected! ^ucn trikt all the sample is dissolved in the liquid then the solubility of th^ 
samples is acceptable or ife ny sample remains then the sample is not sufficiently soluble. In 



such systems it is not necessary that the detector measures the amount of S \rP^4 ! ' : '^ \ 
1 5 removed from the region by the liquid. The detector need only determine the presence or 

absence of compound in the region. Where the amount of solid sample deposited i$5he region 
and the amount of liquid is known then the absence of any solid sample at the ree?<|5; after 
exposure to the liquid indicates a minimum solubility tm.it the sample possprses. T!ie 
parameters of sample deposited and liquid used may & t such that the^mit^^^lubility 
20 measured is at a cut of point to indicate whether Me sam^e passes or fails the ^ . 

|C 3 v; ft 

It is possible that the rate of dissolution of a s? mple can be measured in the same 
system or device as described above by measuring the amount of sample removed from the 
region by the liquid at various time points before equilibrium is reached. 

25 

As a further feature of the invention we disclose a method for determining the rate of 
dissolution of a sample in a micro-fabricated device the method comprising: 
(1) introducing a liquid to a solid sample containing region within the micro-fabricated 
device; 

30 (2) at time points after introduction of the liquid measuring the amount of solid sample 
removed from the region; 
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(3) determining the rate of c issolution by reference to the measurement of solid sample 
removal fk>n the region anc? the amoii it of liquid used over time. 



.Measurement of rt te of dissolution ma;' be carried ot where the liquid, preferably of 
5 predetermined volume,' is presented to the solid; ? sample and remair static while 
measurements are performed. Alternatively dissolution rates may I * carried out by 

measurement with the liquid volume stirred or redireul* ed, as desc ibed above, or where fresh 

■* * • " r, v • . 

liquid is fed through the chamber containing !thc solid s*-mple recei ing region. 

Additional steps which may be performed in the above me; : iods include extracting 
10 the liquid prior to taking the measureme* t of solid sample remove* from the region and/or an 

<./ r r - * 

initial step of introducing the solid san; pie into the ref ion of thdns cro-fabricated device 
'• • s. \- i' 

. . r . \~ should be understood that t'le arrangement, type and diriensions of the device and 

*} V :*| r,* -r j{( : i*'yi f< ;i j • ■ - , * I- , v • . ...... . .. 

the comp :>nenis therein will vary according to the use or applicatic i. 

, In this disclosure, the term "micra-frbricatef " includes devices including structures 

1 5 capable of \ eing fabric; ted with lengths in oi;e or mc re dimensions of less than 1 mm, and 
especially faV icated < n or into plana'- solid V 'bstrates such as silicon wafers using methods 
readily available, to th< se practising the art ot silicon micro-fabrication. Such micro-fabricated 
devices^ lay have feal ore of sizes and geoqi* ries producible by such means such as 
photolithography, isotropic and anisotropi etching by wet or dry methods, thick and thin film 

20 deposition methods including printing, sc: een printing, spin and dip coating, evaporation^ 

sputtering, chemical vapour depositor!, L GA, thermoplastic micro-pattern transfer, resin • j j 
based micro-casting, micro-moulding in capillaries (MIMIC), laser assisted chemical 
etching (LACE), and reactive ion etching (RIE), or other techniques known within the art of 
micro-fabrication. Planar substrates such as silicon wafers may accommodate single devices 

25 or a plurality of the devices of this invention in the same or a plurality of configurations. 
Wafers are available with standard sizes which include wafers with diameters of 3" (7.5cm), 
4"(10cm), 6"(15cm), and 8"(20cm), but the structures may be formed on substrates of other 
dimensions. Application of the principles presented herein using new and emerging micro- 
fabrication methods is within the scope and intent of the invention. 

30 In this disclosure, the term "liquid" means any liquid for which the solubility of the 

sample is desired to be determined within, for example aqueous, non-aqueous, protic, aprotic, 
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J* " : buffeted or non-ouffered, or mixtures of any thereof. The liquid may interact with the solid 
Sample simply to adhieve physical dissolution alone or may effect some chemical reaction 
r including ionisati^n,Jiga.r& addition, solvation or hydrolysis. Liquid is introduced to the 
v :| (i * region such that the liquid andsa lid sample are brought into contact. Ideally the liqjftitfTs,^ -\ 

5 delivered as a' p redetermined 4 vohiii e of liquid. v The liquid may be delivered Such that if 

t J\S^JinHN ! t. J^^l fc'i\. ; .v* l; <i£^Jr - . 

remains static over the solid sample *or a penod of time pnor to or after the measupeme it is 

^ liiade fey tile det Jcto^. Alteriatively%e liquid may be strearrtecf ac^f^lHe' Solid sai aple 



containing region and the me^iirle^ ent taken during 'dr after stxpam?|rii has been completed. 
M - ^iii a further kl^mative the iiqiiidiVstr^iifficd over the sampie s6yep. 1 times by continuous 
10 recirculation or by an oscillating motion b^jtHe liquid. In a furthe^ lternative version the 
liquid is removed from the solici t ample, Aifc ed, and then reiijtrqd^ced to the solid sample. 



Motion of the liquid may be achieved by the use of physical *6r£es, such^as^ pressure, inertial ^ f ;. .\ 

forces, capillary forces, or the application or variatiofi oi el^c4ii magnetic fieldk: NcW ' • jf ( J 

liquid fluids such as super critical fluids and gases and vapours may be substituted for liquids 
15 in the above description with the process of dissolution into a liquid being equated generally 

to the transfer of solid as molecular species into the fluid phase. For gases or vapours the^^) u; :[ . ■ y? , ? 

process of solid transfer into the gas phase may include evaporation, sublimation, or re^'on 

such as oxidation generating gaseous or volatile products. 

As described above the option to recirculate or mix the liquid allows for a larger 
20 volume of liquid to be used without unduly extending the time needed to allow diffusional 

equilibrium. Therefore, in a preferred aspect, liquid of up to 1 ml or above may be used, 

preferably up to 0.5ml, and ideally up to 100|j.l. 

By high throughput we mean that the invention can achieve a throughput 

substantially higher than conventional means often 10 to 100 fold increases. In order to 
25 achieve the higher throughputs, the method optionally involves parallel processes, i.e. 

multiple indents are used in parallel. One sample may be tested with several different liquids 

or several samples may be tested with one or several liquids. 

The invention also allows for the simple measurement of the rate of dissolution by 

placing several identical samples in parallel indents and for each sample exposing it to the 
30 liquid for different periods of time. Alternatively the above mentioned process may also 

simultaneously measure solubility by allowing one or more samples to equilibrate with the 



99-652 

(7 - • 

-12- 

liquid. Alternatively the rate of dissolution is measured by taking measurements of the solid 
sample remaining in the indent at various time points after application of the liquid, 
necessitating a detector which can operate with the liquid present on the sample, and 
optionally a final measurement of solubility once equilibrium has been reached. 
5 In particular we describe as a feature of the invention an on device detection system 

where the disappearance of the solid is determined using optical techniques, such as 
interferometry, see Fig 2. The light focused on the sample produces an interference pattern on 
a suitable focusing device by virtue of the scale and the physical arrangement of features of 
the grid or mesh and the wavelength of light. As the compound dissolves the intensity of the 

10 interference pattern will change. The rate of change will be related to the rate of dissolution 

< 

of the compound. 

The invention is illustrated below by the following non-limiting examples. 
Examples 

15 

Optical Detector 

Using an arrangement as shown in Figure 2 a diffraction pattern is produced, where 
the horizontal surfaces of the micro-fabricated device are reflective and the compound is less 
reflective than the surface of the micro-fabricated device. As the compound dissolves lower 
20 reflective horizontal surfaces of the micro-fabricated device are exposed. This will not affect 
the position of the diffraction pattern but will intensify the lower order diffraction bands. 
Whilst we do not wish to be bound by theory the intensity of the bands is governed by the 
formula 

25 * 1(0) = ITO} (Sinp/P)2 (SinNa/Sincc)2 

N2 

.where I (©) is the central peak intensity, N is the number of grating lines and where 

30 a = ka and p = kb 

2 2 
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where k is the order number, a is the pitch of the grating and b is the width of the reflective 
horizontal surfaces of the micro-fabricated device. 

Therefore, as compound dissolves 'a' will remain constant and 'b' will increase. At 
the point that all compound dissolves the surface will be completely reflective and there will 
5 be no diffraction pattern. To avoid complicating interference effects the difference in path 
length for reflections from each layer of reflective surface will preferably be multiples of the 
wavelength of light in the medium in which measurements are carried out. Where 
measurements are carried out without removal of the solvent the medium is the solvent used. 
For light incident to the surface the height difference between of reflective surface will Vt of 
"wj.^ '/() 'tie wavelength of Ufht and cosine 6 or multiples thereof. 

f ;,^'^f* j Alternative!; , some wells or areas of the device shown in Figure 2 may alternatively 

^ri!? /bneM^i^ll^wi&^olid sample and wells in between left empty to be filled with liquid when 

afpg lied. Then, ashling all the liquid is in equilibrium, which would happen over time the 

_ ferV't • >*•!:■*■... 
effect of the reftactiv< index of the solvent could be compensated for. 

p>t^ Figure 3 sfi6yfi; the output expected from a device of figure 2. 

Altemfetiie ! g^ ting based optical m#hq<Js may he Msed to measllre t^e^s^tion of 
3und fomill eft iw„a J^tS^ 



epresentfed ih' Figrc'4£ Hows the 

solves. In the exariipli^ lown in 

Figure 4 the dissolution of sample within the liidfchBr so tha: the solid sample surfdfe nitiallv 

A. ' > ' J 

20 at position 1 is changed to position 2 exposing a reflective;;? urface in the? centr& 6f k V ell or 

trench will double the number of lines per unit lenrrth of the grating. This ch^.ge in grating 
period enables detection by means of a chmg^i diflfractictti ! angles or spefctral ..sh^jr imilar 
arrangements where other changes in grating feature spacing are achieved mkyfife) chieved by 
different positioning of reflective surfaces in the wells. 
25 An alternative arrangement indicated in Figure 5 employs the progressive exposure of 

a group of adjacent steps to generate an expanding grating or reflective surface which can be 
monitored optically. 
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Electrochemical Detector 

Forming a series of wall structures overlying a conductive electrode structure allows 
sample to be retained on the electrode surface contained in indents. Exposure of the electrode 
by dissolution of the sample is monitored by monitoring a cell impedance as indicated in 
5 Figure 6 

Mass Detector 

Alterfe?, lvely we describe a device where disappearance of the compound is detected 
0 by piezo senses such as quartz crystal devices and which may include Surface Acoustic 
W£ve sensory vhich are particularly suited to operation on a miniaturised scale. Such sensors 
provides atf our ?ut related to the mass of material adherent to the device surface. A plane mass 
sensor wftti sa*, pie feature formed on the structure is illustrated in Figure 7. 
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